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TeopeTnuHi JOCHIKEHHS PyXy OyJIbO KapTOTUIi 1O
HaNnpsIMHUX CEemaparopa

HaBeacHo pe3ysbTaTH TCOPCTHYHHX AOCTIIKCHb PyXy Oyms0 mo pobodoMy OpraHy po3poOIcHOTO
MPUCTPOX0 AT Cemaparii KapTOILITHOTO BOPOXY. BH3HAYCHI iHTCPBATH 3MIHH 3HAYCHb KOHCTPYKTHBHHX
TapaMeTpiB, MO 3a0€3MEUYIOTh SKICHE BUKOHAHHS TEXHOIOTITHOTO MPOIIECCY CETapartii.
cemnapariisi, 0y, 1501 KapToNUIi, HATPSIMHI MPHCTPOI0, KOHCTPYKTHUBHI TIapaMeTpu

CopryBannst Oynb0 Ha (pakilii € OTHIEI 3 BAKIUBUX TEXHOJOTTYHUX OTepariit
nics30upaNbHOI TepepOoOKH KapTOTUITHOTO BOPOXY [2]. OcoOauBO BaXKIIMBOKO ISl OMIEpallis €
IUTsE OTPUMAHHS SIKICHOTO HACIHHEBOTO Matepiaiy [9].

[Ipobnema moImIyKy HOBHX TEXHIYHUX 3acO0iB Ta OOIrpyHTYBaHHs iX MapamerpiB
0o0yMOBJIEHA THUM, IO ICHYIOUI KapTOIUIECOPTYBAJbHI MyHKTH HE 3a0e3MeUyITh OTPUMAaHHS
BHUCOKOSIKICHOTO HaCIHHEBOTO MaTepiany Ta 00YMOBJIIOIOTh TpaBMyBaHHs Oyiip0 kapToru [2].

AnHamizoM BimOMHUX 3aco0iB s COpPTyBaHHS Oyiap0 KapTomii Ha ¢pakmii 3a
PO3MIPHUMHU XapaKTEPUCTUKAMH BCTAHOBJIEHa €(EKTUBHICTb BUKOHAHHS TIPOIECY 3
BUKOPHUCTAHHSIM CEMapyIOYUX PeIiTOK 3 V- Moai0HO BCTAHOBJIEHUX HAMPSIMHUX [ 3 ,4]

MeTor0 AOCHIIKEHDb € TEOPETUYHE NOCIIKEHHS pyXy OyJb0 KapTOIUI MO HAMPSMHUX
cemapaTtopa 3 MeETOK OOIPYHTYBAaHHsS palllOHAJIBHUX TapaMeTpiB 3ampONOHOBAHOTO
npuctporo[3]. Ilpu pbOMy OCHOBHMMHU MapameTpamu, IO OOYMOBIIOIOTh SIKICHE BUKOHAHHS
TEXHOJIOTIYHOTO MPOoIecy po3noAuty Oyib0 Ha ¢pakiii, Cil BBAXKATH. KYT BCTAHOBJICHHS OCl
HANPSIMHUX TPUCTPOKD JO TOPHU3OHTY - O ; KyT PO3XWIY HANPAMHUX - [, KyT ¥ MIDK
OICEeKTPUCOIO KyTa, YTBOPEHOTro HanpsiMHUMU AB 1 /[C; KyT MOBOPOTY TUIOIIMHUA HATIPSIMHUX
HaBKOJIO ocl OZ - ¢ ; mBHAKICT 0OepTaHHs rBUHTOBOI cripaii & ( puc.1).

s mobynoBu MareMaTudHOI Mozeni pyxy OynbpOu kapTomi mo pobodoMy OpraHy
NPUCTPOIO MPUIHATI HACTYITHI MPUMYILIEHHS:

- Oynb0a € TBepHa KyJis 3 pafiycom R Ta Macoro m,

- B TOULl KOHTaKkTy K OynbOM 3 ITHEKOM BIICYTHE KOB3aHHS,

- B TOUKax KOHTakTy M 1 N Oyip0u 3 HanpsAMHIMH BiiOyBa€eThCs MPOLIEC KOB3AHHSL.

ITpu nepemimenHi Oyap0n KapTOIUI MO HANPSMHUX MPUCTPOro (puc. 1) Ha Hei AlOThH
IB1 CKJIQAOBI CHITH TUCKY Ny 1 Ny, sIKi HanpaBJjieH MEePIeHIUKYISIPHO 10 MOBEpXHI Oyiapdu y
BIAMOBIMHUX TOYKAX.

[Ipunyckaroun, 0 KapTOIUICIO € TBEpHAA KyJs paaiycoM Rg, MpUIMEMO AEKapTOBY
cuctemy koopauHat (X;Y;Z) Tak, mod sice OZ chiBnanana 3 BicCro mHeka, miomuaa ABCD
3 HanpssMHEUMH Oyia mapaiensHa oci OZ, Bick OY HarpasiieHa NMEPNEHANKYJSIPHO TUIOIIHHI
ABCD (puc.2). IlouatkoBi Touku A 1 D HanpsMHHX 3HaXOZSTBCS HA KOJI pamiycy R;, mo
nexxkutb B uiomuHl XOY 3 nentpom B Touri O. Ilo3Hauumo uepes3 / BIICTaHb MUK LIUMU
toukamu. PiBHsiHHS st Hanpaisitounx AB 1 DC mMokHa 3anucatv, BIAMOBITHO, Y BUTJISAL
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F=lh+zig(f-p)]i +J/oJ'+Zk;(1)



F=[-h—ztg(B+y)i+y,]+zk.
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Pucynok 1 - Cxema 11 po3paxyHKY MPHCTPOIO A1 Po3NoaLTy Oyap0 KapTornti Ha (pakiii
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PucyHoKk 2 - CxeMa po3TamryBaHHS TOUOK KOHTAKTY OyJI60H KapTOIUT i3 HATPAMHHMHA

Touka M € Toukoro neperuny npsmux AB i PM. PiBHsHHS npsimoi PM B BekTOpHIi
(dbopmMi MOKHO TIPEICTABUTH B BUTJISAL

F=Tp+ AR =[x +/1005(ﬂ_7)]7+y0j+[2s _ﬁSin(ﬂ_V)]];’ 2)

ne A ckanspHuil mapameTp, a zy=z, A, = 4

2

PIMIEHHS SKOTO MA€ BH]



Zy =Zg — Ay SIS —y), (3)

Ay, =hcos(f—y)+zg sinfj
cosy

Zy =zZg = Ay sin(B-y)

ITicns 3HaxOmKeHHS A,,, BUKOPUCTOBYKOUM (2), 3HAXOAMMO IEpHIy KOOPAWHATY
TOouku M
Xy =Xg+ A, c08(B-7) @)

AHAJOrYHUM YMHOM BU3HAYAEMO KOOPpAUHATHU TOYKU N

sin 3

Ay =hcos(f+y)+zg

cosy
Zy = 25— Ay (B + )
Xy =Xg—Aycos(f+y) 3)
PiBHSIHHS U151 3HAXOKEHHS] KOOPIUHATH Y'g
|SM |= R, ©
SIK PIIIEHHS PIBHAHHS ﬂ’f\i + (o= ¥s )2 - 32 3aMULIeMO Y BUTIISII (7)

Vs =Yom R = Ay ®)

Bumoru npoxojty Kyni 4epe3 Hanpsimui ¥, =Y, B TOUIl Z, = Z;, MOKHa 3alUCaTH
y BT
cosy

sin ﬂ ‘ (9)

zg =[R, —hcos(B-y)]

JUisl 3HaXOKEHHST TOYKH KOHTAKTy OyJibOM KapTOIUl 31 ITHEKOM 3a7aMO IMOBEPXHIO
HIHeKa Zs B mapaMmeTpu4Hii ¢opmi, BUOMparOuM siK MapaMeTpu IOBXKHUHY OYTH S, SKa
BIJUTIYY€ETHCS BIJl OCI IMHEKa O TOYKH MOr0 TIOBEPXHI Y3IO0BXK LWIIHAPOBOIO pamiycy, i
NOJIIPHUH KYT ¢, AKHUH BimmiayeTbes Big oci OY mpoTH rOOUHHUKOBOI CTPUIKH MPH TOTJIISAL 3
MO3UTUBHOTO Harnpsimy oci OZ (puc.3).
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PucyHoxk 3 - Cxema 111 3HAXOMKCHHS TOUKH KOHTAKTY OYJIbOHM KapTOIUT 31 ITHEKOM

PiBHSIHHS MOBEPXHI IIHEKA B TOJSIPHIA CUCTEMU KOOPIUHAT M€ BH]

— . g - h 7
F=—ssin@i +scose j +—< (Qt—gp)k
2r
(RySS<R, —0o<p<®) (10)
[Monsipauii KyT ¢ TOB’s3aHUI 3 BIAMOBIAHAM KyTOM |/ UWIHAPUYHOI CHUCTEMH
KOOPZAMHAT 1 YKOPCTKO 3B’ SI3aHUM 31 IHEKOM, IO 00ePTAETHCS, PIBHAHHIM

B pyxomiii cuctemi koopauHar ( crioctepirad 3HaXOIWUTHCS Ha IHEKY) piBHAHH:A(10)
MpUIMaE BUI

F=—ssin(y +Qt)i +scos(y + Q1) j — ;ZC wk
T

R <SSR, —o<y<w
0 1 4

(12)
IIsuakicte Touku K nuexa
dar, . -
> . K . . . .
VK—7 =—L)5, CosQ, i —Qs, sinQ, j
t SN =const (13)
1 paguyc-BekTop Touku K BU3HAYAEThCS BIAHOMIEHHSIM
e =T = AN =
hc - hc . - e
=| X5+ Aps —0COSQ |1 +| Y+ Ag —sing | ]+ [z — 5 A &
2r 2r (14)
_ Rs _ Rs
KS = o :
2
| V] \/s2+(hc/2n)
ne (15)

CriBnafaHHs TOYOK IIHEKa 1 OynapOu kaprorut B Touni K BinOyBaeThCst 3a yMOBH:



: h
—ssSin@=x; + Ao —COSQ
2z
h, .
SCOSP =Yg + A —=SIN P
2z

h
20 (Qt—(ﬁ)= Zg — 8 Apg
7 (16)

AKI MO’KHA PO3IUIAAATH K TPAHCLEHIEHTHI PIBHSIHHA IJIS1 HEBINOMHX BEJHYHH Sy 1 @, TpH
3a0aHUX I, X5, Vs.

JIst 3HAXOKEHHS IITBUIKOCTI 17; TOYKH S CKOPUCTAEMOCS] TEOPEMOIO PO TPOEKIIi
IIBUIKOCTEH KIHIIB Bigpi3Ka TBEPAOTO TiJIa HA HAMPSIMHI L[bOTO BiApi3Ka B 3aCTOCYBAaHHI 10
BiApi3Ka KS [5-7]

(‘7S_‘71<)‘]\7:O (17)

abo B KOOpAMHATHIN Hopmi

Se Zg— 2;5 cosQ . (kg + s, cOsO . )- 2;5 sing . (Jg + Qs sing . )=0.

(18)

B upomy BHmanxy meprini KOMIIOHEHTH BEKTOpa Vg 3HAXOIATBCSA depe3 HOTo TPETHo

KOMIIOHEHTY:!
dy
s _ s s _ S s
Xg = —Zgl8Y, Vs = dTZS’
) S (19)
e \7S=)'Cgl'+)'/Sj+Z'Sk

Toni nonepenHe piBHSHHS MOYKHA PO3TIISIAATH SIK PIBHSIHHS ISl 3HAXOKEHHST Vg, =Z

y BUTJISAL
-1
. h dys .
Vo =Zg === Qs |5, +== tgycosng—&smng
27 27 d.

% (20)

[ToTiM po3ryIsiHEMO 3aKOH PyXy LeHTpYy Mac Kyui. Ilix 3akoHOM pyxy marepiaibHOi
TOYKH PO3YMIIOTh 3aJIEXKHICTP KOOPAMHAT Li€l TOYKH Bix uacy [5-7]. Sk me mokasaHo B
HONEePEeHbOMY MYHKTI, Ui OJHO3HAYHOTO BM3HA4YEeHHS (QYHKUII 7, =7 (f) IOCTaTHBO
BCTAHOBHTH 3AJIEKHICTD 7, =7 (1).

PiBHSIHHA IMHAMIKK TBEPAOI KYJI CKJIAAAETHC 13

mwg = F°, @
PiBHSIHHS 1J1s1 BITHOCHOTO KIHETHYHOTO MOMEHTY
a0 _ ire
dd % @)

e ..
e F*° _ ronopuuii BEKTOP 30BHILIHIX CHII;



=, = R L L L L
F'=Re+mg+ N, (15 —1,) |1g =1, |+ Ny (rs =1 ) | I = 1y |, 23)
e

S - TOJIOBHHII MOMEHT 30BHIIIHIX CHJI BITHOCHO LIEHTpa Mac S KyJIi:

Mg =F =) xRy = [N (B —F) %V [V [ = f, Ny (B = F )<V, |V, | (24)

YMOBH 3ITKHEHHS KYJIi 3 HAPSIMHUMHU

Vi (B =F)=0, v, (% -7)=0 (25)

OcTtaTouHO cucTeMa PiBHSHB, sIKA ONMCY€ TUHAMIKY KYyJIi, Ma€ BUTJISL!

Ry + Ny (5 =R ) | T =B | +N (75 =1, ) |7 = 1y |=m(W5 = &) (26)
[licna mepeTBOpeHb OTPUMYEMO PIBHSHHS, SIKE ONHCYE MUHAMIKY KyJi BIJHOCHO
HEBLIOMUX @ , Ny, Ny
dao L F,—F v - =
J—=N,, | (7 —F) x| ==+, == | |- LNy (B =TV, /[, |

s

=0

Y MoMeHT npoxony OynbpOu uepe3 HampsiMHI ii HEHTP Mac Ma€ MEeBHY WIBUAKICTD 5 1
ii momanmpminii pyx BinOyBa€ThCS MiJ €0 CHJIM TSKIHHS, BIATOBIAHO 1O PIBHSHHS PyXy
LIEHTPY Mac

m—===mg
dt (28)
BinpHe mamiaHsA BinOyBaeThCs MO MOMEHTY MOTPAIUISTHHS KyJii Ha TOPH3OHTAJIbHY
TMOBEPXHIO Y _ . (puc.4).

3aKkoH pyxy LeHTpa Macu Oyipou

w__ .O0mn 0 n 4.
X =Xg +Vg I

w__ . Omn 0 n 2 .
0 0
ZS": S"-I—VSZ"t
' (29)
UYac maginas OynpOu KapToIul £, Ha IJIOLIUHY 13 3aKOHY 30€peXeHHsS MOTEHLIHHO]
€Heprii BUBHAYAEThCS 3AJICXKHICTIO

=g {\/(Vf%y ) +2g(H-2") v, }

(30)
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PucyHoxk 4 - Cxema pyxy nenTpa OyIp0H KapTOILIi IMCII IPOXOY Yepe3 HAIPAMHI

JJisl 94uceNnbHOTO BUPILIEHHS 3a/1a4l BUKOPHUCTaHO MeTo taMaHux Eiinepa 3
BUKOPUCTAHHSAM MPOrPaMHOro mpoaykry Matlab.

PospaxyHkn BHKOHYBajlHMCS 3 METOK BH3HAYEHHS pPallOHAJIBHUX MapaMeTpiB
MPUCTPOO SIS posnoaity 6ynb6 KapTorut Ha (Qpakuii. AKICTh PO3MOALTY BU3HAYAETHCS SIK
3aJIe)KHICTh 3HAYeHb MapaMeTpiB NPUCTPOO , ¢ 1 a Bin Z; TpaBmyBanHs  Oyib0
OOYMOBIIIOETBCST 3YCHIISIM KOHTAKTy iX 3 HAaNpPSIMHUMH MPHUCTPOIO, IO BHU3HAYAETHCS
3HAYEHHSAMH peakiii 3B°s3ky Ny 1 Ny Ilpu 30UIbIIeHHI LUX 3HAUY€Hb 30UTBLIYETHCS
HMOBIpHICTh TpaBMyBaHHS Oynb0 kaprorui. Ilpu 3meHmeHHi 3Ha4eHb Ny 1 Ny 10 MiHIMyMy
(NMyy 1 Ny = 0 ) MOXKe CHOCTEpIraTUCsi TOPYLIEHHS TEXHOJOTIYHOrO MpoLeCy, IIo
00YMOBITIOETBCS] CXO0M OyJIbO KapTOILIi 3 HANPSIMHUX MPUCTPOIO.

3a pesynbTaTaMu PO3paxyHKIB OTPHMaHI 3aJIeKHOCTI, O MPEACTABNIEH] Ha puc. 5-7.

AHasi3 OTPUMaHHX 3aJIEKHOCTEHN O3BOJIsIE 3pOOUTH HACTYITHI BUCHOBKH. 30UIBIIEHHS
4acTOoTH OoOepTaHHs IHeKa (puc. 5) oOyMOBIIOE 30UbLIEHHS 3HAYEHb 7S, IO BH3HAYAE
MOMEHT npoxoay Oynbd Mo JOBXKMHI HANpsSMHUX NpUcTporo. IIpu mpoMmy crocrepiraerbes
NEPEeKPUTTS IOl po3monuty Oynb0 pI3HOTO panmiycy i WOro 3MEHIIEHHS MUK JIPyroro
dpakuiero (Rs=0.023 M), Tperporo (Rs=0.035 M) Ta uerBepToro (Rs=0.05 M) 30inblIeHHS
4acTOTH OOEpPTaHHS LIHEKa  OOYMOBIIIOE 30UIbIIEHHS] HMOBIPHOCTI MOTPAIUISIHEA Oynbp0 y
cymimmHi (pakuii. Tomy 3abesmeueHHs: HeOOXITHOI SKOCTI cemapamii Ta TPOAYKTUBHOCTI
HII)I/ICTpOIO Oa)kaHNM € 3HaYEeHHsI KyTOBOI IIBHAKOCTI 0OepTaHHs LIHeKa B Mexkax = 3,0- 4,0
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1-R=0,017 m; 2- R, = 0,023 m; 3- R; = 0,035 m; 4-R=0,05 M
Pucynox 5 - 3ameKHiCTh 4aCTOTH OOCPTAHHA TBHHTOBOI CIipai o B zs 11 ppaxiiit 6yned kapTormmi



30inbLIeHHST KyTa TMOCTAHOBKU HANPSIMHUX MPUCTPOIO 1O TOPHU30HTY (puc. 6) mpu
¢ikcoBaHiii KyToBOi MBUAKOCTI oOepranHs mHeka W= 3,1 ¢ Bkasye Ha Te, wWo ans
3a0e3MedeHHs MOCTIHOTO KOHTAKTy OyJb0 3 HAPSAMHUMHU Ta 3MEHIIEHHsI MOTPATUISHHS 1X B
cymikHi (paxuii 3HaUeHHs KyTa d HeoOXigHO mpuiiMaT B Mexxax  7-10°.

Is, M

1}

0 2 4 B 2 10 12 14 6, rpan

1-R; = 0,017 m; 2-R; = 0,023 M; 3- R, = 0,035 M; 4-R; = 0,05 m
PucyHOK 6 - 3aneXHICTh KyTa BCTAHOBJICHHS OCi TBHHTOBOTO IPUCTPOIO A0 TOPH3OHTY BiX ZsTIpH =
3.1 ¢! ana ppaxuiit

PesynbraTin po3paxyHKIB BKa3yiOThb Ha T€, IO 3HAYEHHs peakuiil 3B 53Ky Oyibd
KapToIUll 3 HANPSIMHUMH 3aJI€KUTh HE TUIBKM BiJ KyTa MDK OCAMH CHMETpIl LIHEeKa 1
HANpSIMHUX ¥, a H Bix po3mipy Oynb0 (puc. 7) 30UblIeHHs KyTa Y MPUBOAUTD IO 3MEHIIECHHS
3HAUeHDb peakiiil 38°s3Kky. Ilpu mboMy st Tpetboi ppakmii (R; =0,025 M ) mpu y = 6° Ta
aerBepToi dpaxuii (R,=0,05m) mpu y = 4° crocTepiraeThesi BTPaTa KOHTAKTY Mk OyibGamu
KapToIUll Ta HANPSIMHUMH MPUCTPOI0, TOOTO MOPYIIEHHS TEXHOJOTIYHOro mpouecy. Lle
BKa3ye Ha Te, IO cemapamii Oynp0 B IHTEpBaji PO3MIPHUX XaPAKTEPUCTHK IOIIBHO
BUOMpATH 3HAYEHHS KyTa Y B MeXKax 2,5-6.
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1-R= 0,017 M, Nm; 2- R= 0,017 M, Nn; 3- R;= 0,023 M, Nm; 4- R= 0,023 M, Nn; 5- R= 0,035 M, Nm;
6- Ri= 0,035 m; Nn; 7- R= 0,05 M, Nm; 8- R.=0,05M, Nn
PucyHOK 7 - 3anexHiCTh peakUii 38 13Ky OyIp0 KapTOIUIL 3 HANPSIMHEMH BiJ KyTa MIXK OCSIMH
CHMeTpii TBHHTOBOI CIipasi Ta V — IomiGHO BCTAHOBICHHX HATIPAMHEX TIpH o= 3,1 ¢ s dpaxmiit

BucHoBkun

1. Po3pobnena MaTeMaTnyHa MOJIENb pyXy OyJib0 KapTOII MO HAMPSIMHUX MIPUCTPOIO
JO03BOJISIE BU3HAYUTH 3QJICXKHICTD ~ KOHCTPYKTHBHHMX IIapaMeTpiB Ha SIKICTh cemapauii
KapTOIUITHOTO BOPOXY Ha (ppakiiii.



2. SxicHuit mponec cemapauii Oynap0 kaprorun Moske OyTh 3a0e3neueHHil mpu
HACTYIHUX HTEpPBaJax 3MIHHU MMapaMeTpiB MPUCTPOIO. KYyTOBAa LIBUAKICTE OOEPTaHHS IIHEKA
® =3-4 ¢!} KyT NOCTAHOBKM HANPSIMHEX 10 rOpu30HTY d = 7-10°; KyT Mixk Bicsamu cumerpii
IIHEKa 1 HAMPSIMHUMU TPUCTPOIO Y = 2,5-6.

3. BBaxkaru 3a JOUUIBHE TMPOBENEHHS EKCIEPHUMEHTAIbHUX OCHIKEHb I10
onTuMi3allii KOHCTPYKTHBHHUX MapaMeTpiB po3poOJIEHOTO MPHUCTPOK Ha cemapanii NeBHHX
copTiB OybpO KapTOTLIL.
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A. Koszauenxo, O. [[z106a
TeoperuyecKue HCC/Ie0BAHNS IBIKEHUsI KJIYOHEH KapTode/is 10 HANPABJISIIONNX CEnapaTropa

[MpuBeacHBI PE3yAbTATHI TCOPETHUCCKUX WCCIICIOBAHHH IBIDKCHUS KIyOHEH 1O padoueMy OpraHy
Ppa3padoTaHOTO YCTPOHCTBA AN Cemapaumd KapTo(enbHOro BOpoxa. ONPEeacICHBl WHTCPBAIBI 3HAYCHUI
KOHCTPYKTHBHBIX MAPAMETPOB, KOTOPBIC OOCCICUYHMBAIOT KAYCCTBCHHOC BBIMOJTHCHHE TEXHOIOTHUYCCKOTO
MPOIIECCa CEMAaPALHH.

A. Kozachenko, O.Dzyuba
Theoretical research of motion of tubers of potato for sending separator

The results of theoretical researches of motion of tubers are resulted on a working organ to developet
adaptation for separation of potatos lots. The intervals of values of structural parameters which provide high-
quality implementation of technological process are certain.
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